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Fifty general aviation pilots (average age 49; range 40—73) completed a question-
naire concerning cockpit visual problems. The results of the questionnaire indicatef
that proper interpretation of the airspeed indicator and the altimeter required the
best visual acuity (48 and 39 percent of the respondents respectively). However,
33 percent reported the attitude indicator , an instrument with relatively few
numerals or markings, required opti im visual acuity. Thirty—seven percent of the
pilots reported that the engine instruments, usually smaller scale, are difficult
to read. Light reflected from instrument cover plates caused visual problems for
32 percent of the pilot8, with most difficulty occurring during dayligh t hours.
Forty—eight percent of the pilots reported a delay in focusing from outside the
cockpit to the charts and instruments, while 6 percent reported a delay of focusing
from inside to outside the cockpit. More instrument readability problems were
evident while flying at night than during~ dusk or daylight. The effects of
decreasing focusing power, altered dark adaptation, and need for more lighting are
discussed with respect to the older pilot. Recomsendatione are made to investigate
the effects of instrument lighting , vision standards, and instrument design ane
location with respect to the limitations of the aging visual system .
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SURVEY OF COCKPIT VISUAL PROBLEMS OF SENIOR PILOTS

L Introduction. TAILS I.

It is estimated that production of general factor. lul inenri ng In.tr, .nt isadabIlIty and Fly ing P.rfor.ance

aviation aircra ft will double in the next decade.
Most of these aircraft will be equipped for in- Prt.s ry Factor s ~o~~on.at factor.

strument fli ght.1 The population of general — -
~~~~~~~~ 

__________________

aviation pilot s is expected to increase commen- 
~~~~~~~~ trror

surately. We can certainly expect to see greater
numbers of pilot s in their sixties and seventies
flying aircraft and operating other types of ve 

-

__________________ __________________
hicles.

Aviation safety is part ly dependent on the l nte rpr etatl v e Skil ls
E.otional Sta b s

pilot ’s ability to read quickly and accurately Psych o..n.ory keact io n TI..

various cockpit inst ruments. Table 1 lists sev-
eral primary factors that may affect the read-
ability of aircraft instruments. Each of the fou r

General Health
primary factors is dependent on several compo- ILo.sdlc.l Oc..iar Health

nent factors that may act singly or in combina-
tion for each individual and viewing situation. 

___________________

Several well-known relationships exist between
chronological age and the capabilities of the 

Display Co.. trast iatto .
visual system. For example, the ability to focus Ushtin.

Vt... Distanceon near objects decreases with age.’. Hofstetter Paraila,

determined that accommodative amplitude de-
creases by 0.30 diopter (D) per year up to the
age of 60. after which approximately 0.50 1) of En,iro ~~sntai Hypoxia

accommodation remains.~ An investigation by
Diamond indicates that accommodative ampli 

-

______________________________________
tude decreases more under dim red than under
dim white lighting.’ age f rom. 16 to 89 years.~ Guth found that m di-

Decreased accommodation causes blurred vi- viduals In their sixties required twice as much
sion, with the effect beginning at the near range light as 20-year-olds to read printed words.~(30 to 51 cm) and later in life at the interine- However, a study by Mourant and Langolf m di-
diate range (61 to 76 cm). Bifocal or tri focal eated that elderly individuals required 10 times
lenses are then required to correct visual acuity more light than did young people to obtain 95-
at the near and intermediate ranges respectively, percent-correctness scores for a symbol read-
In addition , the size, shape, and height of the ability tuk. In addition , visual acuity of elderly
bifocal or trifocal segment limits the range over individuals nay decline because of retinal
which the eyes may scan. changes and clouding of the ocular media.”°

Another visual process that deteriorates with Further degradation of several visual func-
age is the capacity of the eye to adapt to dim tions occur under conditions of hypoxia. Mc.
lighting. McFa rland et al. found that visual Farland, Whiteside, and Ohlbaum found
sensitivity to $ stimulus light decreased progres- decrements in several visual functions during
sively for each decade for subjects ranging in oxygen deprivat ion although the effect of age on

1 
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visual performance was not investigated.” 31 , 12 III. Results.
Decrements in vi’ual i*rformance were also Most of the questions were multiple choice,noted for subject~ with hypoglycem ia or follow- and several allowed the subjects to select moreing inhalation of carbon monoxide in small t han one response. The remaining questions re-
quant it ies.13 ’ 14 Luria et al ., using therapeutic quired a short written statement.
doses of five widely used mitedicina l drugs, found
changes in ocular pursuit m ovem ents , pupil size. ~Sp~”i’ifle Viiuai ProMema. Table 2 shows the

EEG, and recovery from a light flash although various responses given to the question Concern-

changes with respect to age were not evaluated. ” ing t he primary flight instruments (altimeter,
airspee(l , att itude ) requiring opt im um visualBecause elderl y pilots usually have known acuity for proper interpretation. Several sub-visual limitations in the near and inter m ediate 
jects note t more than one cockpit instrument.ranges, a questionnaire was completed by, and Also given in Table ‘2 are the subjects’ responseshrief visual evaluation was ~‘Ofl(l1Icted Ofl~ 50 to other panel instruments that , in their opinion ,pi lot s above the age of 40 years at an Oklahoma require optimum visual acuity.fly-in held in the fall of 1975. Results of the

stu dy provide inforimi ation needed for the estab- 
TbII.S 2.

lisluncnt. of priorities and guidelines for future SoSinc i Sespon.. 1!) •s ~o
In .tt.S. n,. I.t. trt ,* Lb. m lresearch related to intermediate vision and avia- ,~~~. ~~, ~.. ,,. ~., ~~~~~~~~~~~~~~~~

t ion safety.

II. Methods. 
‘It—,, 

_______________3~2 *1.1..,..Four women and 46 men volunteered to corn - i..er...n ~. AII 

*I..pood

plete t he questionnaire and to participate in a _____ 
*I~~l On. I Gym

short. visual evaluation. The mean age of the Tsr. .sd Slip

group was 49.2 years (range 40—73). Thirty- 
___________ eight held private pilot certificates , 14 held corn-

1~~1 mercial pilot certificates , and 8 had airline ,,,~~~~~ US 

transport. pilot certificates. Nineteen were in-
str uinent rated, 11 had fli ght, instructor airplane
(CFIA) ratings, and 8 held flight inst ructor • .“ inst rument (CFII) ratings. The mean flying

0 00 30t ime for the group was 3,132 h (range 30—29,000
h) and all but four had sonic flight time the
previous year (mean 77 h) . When asked whether reflee~ions from the glass

A battery of visual measurements was made plates covering the instruments hampered vision,
on each pilot with the Titmus Vision Tester. 68 percent responded “no” and 32 percent re-
Aeromedical Model. The tests included the sub- sponded “yes.” As to other factors that ad-
ject’s near and distant visual acuity, ocular versely affected the readability of aircraft

inst ruments, 13 of 20 pilots responded that in-muscle balance, and color vision. In addition . 
struments having small numerals were difikulttests were made for intermediate visual acuity to read, while 7 of 20 indicated that visual(76 cm), amplitude of accommodation (RAF parallax was a problem for instruments in theRule), and the subject’s spectacle lens preecrip- central portion of the panel. To observe the

t-ion . Data from the visual portion of the study instrunients in the central portion of the panel,
are not- included in this report but are available the pilot in the left seat must look to his right
on request. The results were not included be” at an oblique angle.
cause the subject population was relatively small, When the pilots were asked whether they had
subjects’ ocular statuses varied widely, and sev- noticed over the years any alteration of time
era l volunteers did not have their glasses or wore required to change visual focus, 31 percent said
contact lenses. they had noticed an increase in focusing time

2
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from outside the cockpit to charts and 17 percent- to recommend chang es to improve the readability
had noticed an increase in focusing time frommi of aircraft instruments , 36 percent re comuimi ende d
outside to t he instruments. Few pilots (6 per- lighting changes, 28 percent- indicated changes
cent) reported a delay in focusing from maps in the dial design, and 30 percent sau l no changes
or instruments to outside the aircraft, were needed.

Frequency oj’ Problem.s. When the pilot s were MzsCellaTieOWi Data. Prescription spectacle

asked if they had noted any difficulty in reading lenses were worn by 68 percent of the sui~j e ’ts
aircraft instrumen ts, 56 percent- reported none, while fly ing. Of those wearing gln’.ses . 67 per-
38 percent said “occasionally,” and 6 percent re- cent wore bifocal lenses, 27 percent wore t m’i focal
ported frequent visual problems. When ques- lenses, and 7 percent wore half-eye reading
tinned as to when the instruments are m ost glasses. When viewing the instruments. 6~ ~~r-
difficult to read, 48 percent indicated “nightti m e,” cent of those wearing bifocal lenses u sed ti m e

‘28 percent saiti “dawn and dusk,” ~~ percent bifocal (lower) portion rather than t h e (listanel’

replied “never difficult. ” and 6 percent reported Portion of the lens. Sixty-two lwm’(~emIt of the

“equally difficult at all times.” Of the 16 pilots trifocal wearers used the trifocal (mid dle) l’°”-
reporting visLial difficulty from reflective glare tion of the lens to view the ins runuent s . Of
off the instrument- cover plates, 69 percent m di- those pilots wearing glasses. 44 ~ ( u’cent carried
cated more problems during the day while 31 an extra pair while flying.
peru~ent had more problems aL night. Information from the Aeri)mnedical (‘ertiflea-

t ion Branch showed that 3~ percent of all p ilotslndit ’iduai ~ o1ution.,. Table 3 lists the sub-
jects’ responses concerning various methods used 

are required to wear glasses while fl ying . An
additional 8.2 percent of the pilot s b ust haveto improve the readability of the cockpit inst ru - glasses (usually the reading type ) availabl emnents. while fl ying. Although t he inf ormation was not

TAiLS available, the percentage of pilots wea ring glasses
would be expected to increase with age.

10 Isp... . t,.l.~~~ .n, 0..A.biI 10 In :‘esponse to the question concerning the
color of instrument li ght ing available. ‘

~~ percent
______________________ 

of the subjects stated they flew aircraft equi pped
~ ,b.4. 3h1.Id ~~~~~~~~ ll1hI 

with red panel lighting. 24 Percent sai(l whuite
,

~ 

lighting, while 22 percent said selectable red or
________________ 2b1

white lighting. 
Adjo. t  S  

— IV. Discussion.
10 10 10

Because of the limited pilot population sur-
(‘.15.0 ) veyed (N 50) and the large numbe r of ocular

refractive and inst rumentation variables , ~~
When asked what specific steps were taken to stat istical correlations could be mimade between the

reduce reflections from t he glass cover plates, 43 visual measurem ents and questionnaire data.
percent stated they employed head movements Ifowever , in a laboratory stud y now in progress
and 26 percent shielded the instruments; the re- at the FAA Civil Aeroniedical Institute , visual
maining subjects gave no response. acuity of older subjects will be determined

Of 44 pilots responding to the question con - through the distance an(l near portions of their
cerning the level of instrument brightness pre- spectacle lenses at 51, 76, and lO’2 em during

ferred during night fly ing, 66 percent preferred photopic viewing conditions. The quest ionna ire
data , however, indieat~~~~~ ral conuumuuon in st EU-

the medium intensity level , 23 percent liked the ment-rea (iai)ility problems ahumo ng older pi lots.
brightest level , and 16 percent preferred the dim Although not investigated in this  stu d y, many
level. Thirty percent of those responding stated of the same problems may also occur among
they occasionally used a flashlight to read the younger pilots when flying under similar condi-
instruments when flying at night. When asked tiona.

8
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‘I’iie results of ti me questi onnaire in dlei Lt e t h a t  Ins t ruuuu en t— r e uulnh i l i ty  probli ’iums ~‘itiise~l b
amr craft imm st ru , muen t s  wi th  many numerals arni oblique observation ammgles ( pui m ’a l l ax) also m ime rit
mum m’k j ogs (mm i rspeel I h i d  he al ~pm ’ 1111(1 a It I umu eter ) re— in vest i gmit lou as to I heir sign ilu’anu ’e a im Ii )1(’
((iii re 0( ) t i i l imuhl l  i’ i siL fl I nl ’u itv for pi’~per int erp r e— i’eniedies by design m odification.
tm i t i omi  I towever, O mie— t lu i i ’ ( l of tIme pilots reported Nearl y ha lf  time respondents indicated t imat  ~m —
hat an inst rum mm emmt u~’it Ii few nu mmmer a is om’ m i m uir k— st m ’ui m mm e n t  readabilit y was a 1)I’oh leuui wlucim fly ing

mu g s ( tilt It mU le I IL ( h i ( ’R tOi’) i’i’(IUii’t’41 O 1 ) t ihmi U hmm at- night. We lid it ve t hu n t  fum ’( imer researc h is
~i , u m al  acu ity for pm’oper interpretation , l ime  ~~~~~~~ ~i,J ’in i mmg time effects of inst mum im ent
apparent kl%ch (,toIuv (if npiftftms ~~~dieat~~s lint lighting im m ten s i tv .  spect ra l color of l i g iutim ig, dial
nm t ( ’m ’J ) I et at ive di ffi culti es asso ’ iated u~’it Ii dial de— iuma m ’k i ng s , hypoxia , fat 1gm’, and I h ugs with iv—
sign mu sty influi’m’e the pilot s opinions. lii adsli- spect U) u mig hut  Vis i O m m in older pilots. Several

iu ’~m . we believ e that , the h) i lOt ’S training and taiPei’s (hir eet a t t e mmti om m to ti m e- visual problemns of
eXpcL’ im’iwe ~~~Ut’~~’~’ his ~pifl1Ofl aboimt tl m( ’ inst r u —  presbyopic piIots.~’ ~O , 21

un~nts that require opt inummu m Vi5iOfl for correct ‘I’he trifocal porti omi of a spectacle lens is de-
dial interpretation, signed to improve visual acuity at time inter-

‘fhie readabili t y for clectro-optical (lisl)lays imme di ate Inst rm m nm en t panel) range. Time necessity
(cathode ray, l ig imt- emmu it t in g  ~lio~le, etc .) was mmo t for tri focal lenses increases with age and is con-
(‘overed iii time (I hu es t ion mlai re. Iteesm use of iimcreas —

sidered essential to provide good inte m’mediatelug use of t-lmese ( 115 1) 151 Vs j im aircraft  imm sl r um um en ts.
vision for t h ose with less than 2.00 1) of accomn-fur th mer reseam’clm is m ’ec om mm uim eml ( l ed in this area

with respect to older pilots. mmmod atio n . I)ata show thuat individuals a3 years

To iso late visua l iwrfonnance from time pilot s’ of age or older have less than 2.00 D of aecoum-

subjet ’ti ve j uu ~ig m umei m t . we r ec o imu mmu en d a stu md v to muotl atson and imm ay benefit from trifocal lenses,
evaluate reuulalal ity of aircraft in str umimen t s iui -  espt’t iall y trader dim luminance conditions,”
der various Vi & ( tu t l  acu ity levels and fl y immg con- J boi%e% ’eI’, of the 14 pilots imm ore than s3 years of
tht iom m s . Inform ation concerning the vis u al, age surve ed j im our stud y, only two pilots wore
cognitive, mind design aspects of i nst m ’mmm e mm t read- trifocal lenses. Harper and Kidera also reported
ab~hity is found in several soImrces.~ ’ IT , 0 t hat many senior pilots fl y ing large commercial

Anot lmer visual prob lemim noted by one-timird of aircra ft (10 not wear trifocal lenses.2° They
the pilots was reflective glare froum the glass stated that . natural h mnmu an reluctance to wearing
plates covering the panel inst i’unm ent s . Reflective imiultifocal lenses mind uflttwmu’eness of reduced
glare is pre s um m um e t i  to occur wit lmo imt respect to the interimiediate visual acuity were cont-rih ,ut in~’pilot s age or visu al status . At least two aspects factors.
of cove r p lat e reflection s l ’e (h m mire fu mrt hm em ’ invest i—

This survey revealed several potential visualgat iomi. First. research should lie (‘on(IUcte(L to
qu mm n t i ta te  v is u ma l i l m i p a im ’mui e n t  caused liv reflec — problems co imumon to older general aviati oim
t iomis dt mm ’ing vsmr ious fli ght omuhi ti ons . Second , pilots. ‘We feel t h a t  t hese visual probleums merit
we need data on time effectiveness of shielding. further att ention with respect to medical stand-
li ghting, polarizing. and/or convexing the glass ards, accident statistics, human factors, and
cover plates. cockpit design.
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